Personal protective clothing can be a double edged sword if employees are not protected from developing heat stress disorders by engineering controls, screening, and education.
I
f one were to ask occupational health nurses to describe their first clinical image when they hear the term "heat stress disorders" (HSD), one would get many different descriptions. Most occupational health nurses have helped someone who was suffering from some aspect of an HSD that occurred in a work or recreational setting.
How occupational health nurses respond to heat stress disorders may make a life or death difference, depending on the severity of the situation and the nurses' ability to recognize the potential for harm. Kew (1976) stated that heatstroke carries a mortality rate of up to 80% if prompt and effective treatment is not instituted immediately. Occupational health nurses should know what to do in such a situation. This article's purpose is twofold: primarily it is to provide an overview of HSD, and also to explain the components of a heat stress disorder prevention program (HSDPP). Topics to be covered are:
• Heat exchange and heat balance; • Physiologic control of heat; • Medical screening/risk factor identification; • Heat stress disorders; • Training and practical application;
• Industrial hygiene/engineering practices for control of HSD.
With the information presented, occupational health nurses will be asked to inventory their work force with a new perspective to identify clients at risk and areas for improvement.
A National Institute for Occupational Safety and Health (NIOSH) panel in 1986 proposed criteria titled Occupational E xposure to Hot Environments (U.S. DHHS, 1986) . As part of its literature review, the panel studied the 1985 Statistical Abstracts of the US 105th Edition of the National Data Book. This abstract estimates conservatively that during 1985 there were 5 million to 10 million workers in industries where heat stress is a potential safety and health hazard (U.S. Department of Commerce, Bureau of the Census, 1985) . In the past 5 years, this number has risen dramaticall y.
Occupational health nurses can observe that the traditional groups of clients at risk, (i.e., farmers, firefighters, military, miners , and construction, utility, foundry and forge, tire and rubber, and textile industry workers) are being augmented by groups at even greater risk.
Hazardous chemical handlers, asbestos workers, nuclear and radiation containment specialists, and laboratory and hospital personnel who must wear non-permeable protective clothing present a new class of clients who need special attention to protect them from HSD.
HEAT EXCHANGE AND HEAT BALANCE Basic to any understanding of HSD is comprehension of the interaction that occurs between our bodies and our environment. Heat induced occupational illnesses and injuries, and reduced productivity occur in situations in which the total heat load (environmental plus metabolic heat) exceeds the capacities of the body to maintain normal body functions without strain (U.S. DHHS, 1986) .
Body conditions that influence the heat equilibrium are skin temperature, amount of evaporated sweat produced, and the type, amount, and characteristics of the clothing worn. Examples of environmental conditions are air temperature and movement, the temperature of surrounding objects, and the amount of humidity or vapor pressure of water in the air. In analyzing a work situation, or the theory on which educational programs are based, the following concepts influence the rationale.
Conduction of heat to or from solid objects usually can be ignored since clients generally are not in direct contact with surfaces hotter than normal body temperatures for any sustained length of time. However, heat loss by conduction to air occurs when the air in contact with the skin is below body temperature. Conversely, heat gain by conduction from the air occurs when air temperature exceeds body temperature.
Convective heat exchange between the skin and the air immediately around the skin is a function of the difference in temperatures between the skin and the air and rate of air movement over the skin. Conduction and convection generally operate as one entity.
Another aspect of heat exchange is How occupational health nurses respond to heat stress disorders may make a life or death difference, depending on the severity of the situation and the nurses' ability to recognize the potential for harm.
radiation. A body loses heat when the surrounding objects have surface temperatures lower than the temperature of the body surface, and conversely gains heat by radiation when the temperature of the surrounding surfaces is above body surface temperature (i.e., steam pipes and blast furnaces). Radiant heat exchange is independent of air motion. Finally, there is the aspect of evaporation, which is influenced by humidity. Evaporation is generally the mechanism most in use by the body for the dissipation of large amounts of heat generated by working muscles. Some industrial hygienists utilize the following heat balance equation to summarize the influence of conduction, convection, and radiation:
where: (M -W) = total metabolism -external work performed; C = convective heat loss or gain; R = radiative heat loss or gain; E = evaporative heat loss. Complicated measurements of metabolic heat production, air temperature, air water vapor pressure, wind velocity, and mean radiant temperatures are required to compute this equation. Nurses who have an industrial hygienist to collaborate with in implementing an HSDPP will find the industrial hygienist's expertise valuable. Others may want to contact a consultant, or obtain a copy of the NIOSH criteria for a recommended standard, Occupational Exposure to Hot Environments Revised Criteria, 1986 Publication #86-113, which explains the intricacy of these measurements.
PHYSIOLOGIC CONTROL
OF HEAT This section reviews how the body functions internally to control heat. The body at rest loses heat normally by conduction/convection and radiation, with only 25% of its basal heat production eliminated by evaporation of water from the lungs and through the skin (Departments of Army, Navy, and Air Force, 1980). However, during heavy exercise or work in a hot environment, if the skin temperature rises to a significant level (approximately 95°F), the activity of the sweat glands increases and evaporative loss may increase to as much as 75%.
The body's response to heat stress is accomplished by a multiplicity of neural inputs at all levels of the central nervous system (CNS). The anterior portion of the hypothalamus acts as the body's thermostat and integrator of messages from the thermoreceptors in the skin, muscles, stomach, and other CNS tissue.
The hypothalamus monitors the temperature of the blood perfusing it and sends messages via monoamine, acetylcholine, and other neurotransmitters to the posterior hypothalamus. The posterior portion of the hypothalamus provides and maintains a set point for the core or deep body temperature. It is hypothesized that a change in the ratio of sodium to calcium ions in the blood triggers the posterior hypothalamus. Through direct influence on the pituitary (antidiuretic hormone), the adrenals (aldosterone), and the sympathetic nervous system, the hypothalamus attempts to dissipate harmful levels of heat and maintain the core temperature at a safe level.
If the occupational health nurse understands the coping mechanisms the body employs to sustain thermoregulation, then risk factor identification, symptom recognition, treatment, and client education can be successful.
HEALTH SCREENING/RISK FACTOR IDENTIFICATION
The importance of health screening by the occupational health staff to determine clients at risk for HSD cannot be overstated. The screening applies to current clients as well as potential clients who have not worked at the job and may have only a vague idea of the physical requirements. Although all clients working in one area are exposed to the same heat stress conditions which are measurable (i.e., temperature, humidity, air movement, etc.), the degree to which they develop heat strain is individualized.
A theory of predicting heat tolerance from heart rate response to submaximal exercise was proposed by Schwartz (1980) , and such a test was developed and validated (Kenney, 1985) . Overall, attention should be paid to the following areas: acclimatization, sex, age, drugs and alcohol, obesity, chronic diseases, pregnancy, physical fitness, and infertility.
Acclimatization
Bernard (1986) described acclimatization as a physiologic adaptation to heat stress. There is increased skin blood flow at a given core temperature (increased heat cond uctance) (Fox, 1961; Roberts, 1977) ; increased sweat production and earlier sweat onset (increased evaporative cooling) (Fox, 1961; Nadel, 1974; Roberts, 1977; Robinson, 1943) ; expansion of plasma volume (to augment sweat production) Schapiro, 1981) ; and better distribution of sweat over the body surface .
Sweat is very hypotonic, has one third of the electrolyte concentration of extracellular fluids, and is even more dilute in an acclimated person (Smith, 1987) . Thus, acclimated clients have less strain on their bodies while working in heat.
It takes approximately 5 days for clients to become 90% acclimated and they will then work as well as can be expected. Any history of difficul-
Occupational health nurses
should seize any opportunity to educate their clients and reinforce the importance of preventing heat stress disorders.
ties with acclimatization should be considered a significant risk factor. Minard (1980) recommended that a history of heat intolerance (occupational or non-occupational) or prior incidence of heat stroke should disqualify new employees from hot jobs. Wyndham (1972) suggested that the chance of a second episode of heat illness is increased subsequent to such an episode.
Physical Fitness
Persons' levels of physical fitness are important criteria for determining their ability to work in a heat stress environment. Kenney (1985) stated that for any work level, the upper limit of heat tolerance is lower for the physically unfit, and deep body temperature in the permissible zone is higher for the physically unfit than for the physically fit performing the same work load.
A conclusion can be reached that the core temperature reached during work is proportional to the ratio of metabolic expenditure during a given level of work and the individual's VOz max (maximal aerobic capacity), i.e., the relative workload or %VO z max (Saltin, 1966) . Work levels of up to 40% VOz max cause an increase in stroke volume and heart rate.
When maximum stroke volume is reached, the heart must increase its rate to increase output. An adequate supply of 0z to the tissues, even at moderate work intensities, becomes a problem because of competition for blood between the working muscles Barrett (energy) and the skin (heat dissipation). Persons having a VOz max of less than 2.5 L/min should be considered at risk (Kew, 1976) .
Sex
In a study by Schapiro (1980) , men tolerated an imposed heat stress slightly better than women in hot dry climates, but not as well as women in humid conditions. Actual body size is more predicative of risk. Smaller persons (less than 50 Kg) of either sex are at a disadvantage with regard to heat tolerance due to an increased surface area to mass (SAM) ratio.
Age
From the work of Wagner (1972) , it is clear that older persons (40 to 45 years old and up) are less able to acclimate fully to work in heat. The NIOSH report states that the aging process results in a more sluggish response of the sweat glands, a decrease in the total body water content, and a high level of skin blood flow with exposure to heat.
Obesity
Obese persons (those who exceed standard weight by 15%) have a lower tolerance for heat than leaner individuals for several reasons. First, there is limited cardiac output that attempts to meet the demand for blood supply from both the working muscles and the skin. Vroman (1983) found that skin blood flow is diminished in obese persons perhaps via reflex vasoconstriction.
Second, subcutaneous adipose tissue changes the surface area contours of the body and consequently decreases the SAM ratio. Change in surface area ratio limits the rate of heat exchange with the environment (Buskirk, 1969) .
Third, obesity appears to alter sweating and sweat gland distribution. There is an inverse relationship between heat activated sweat gland density and percentage of body fat (Bar-Or, 1968) .
Fourth, water content is lower in adipose tissue compared to fat free' body mass. Therefore, elevation of Decreased peripheral resistance. Reflex increase in heart rate.
tissue temperatures of an obese person will be higher than that of a lean person for a given heat load/kilogram of body weight (Buskirk, 1969) . Fifth, additional weight must be carried which uses greater energy to perform a given task and a greater proportion of the VOz max. The fat layer theoretically reduces direct transfer of heat from muscles to the skin.
Drugs and Alcohol
Drug abuse, including alcoholism, is a risk factor for heat strain by physiologically or behaviorally altering thermo-regulatory functions. Specifically, alcohol suppresses ADH production, leading to hypohydration.
In addition, Minard (1980) lists these potentially harmful drugs: diuretics, anticholinergic drugs, vasodilators, antihistamines, CNS inhibitors, muscle relaxants, atropine, tranquilizers, sedatives, beta blockers, and amphetamines. Over the counter preparations should not be overlooked (see Table 1 ). In tests, beta-adrenoceptor blockers increased the client's perception of effort, and an increased sweat rate was noted. This increase in sweat rate led to dripped sweat, which serves no evaporative cooling function. Ability to work in a heat stress situation may be decreased significantly in workers taking beta blockers.
Chronic Diseases
A blood pressure of 160 mm/95 mm or greater is considered hypertension. Kenney (1984) reported that hypertensive persons working in 38°C at 48% humidity responded with lower cardiac output and markedly decreased skin blood flow response. This was offset partially by increased evaporative rate; however, medications such as diuretics, vasodilators, and sympathetic inhibitors may decrease heat tolerance.
The presence of organic diseases of the heart or vascular system or myocardial, coronary artery, renal vascular, cerebral vascular and peripheral artery disease should be noted.
Active lung disease (e.g., tuberculosis, pneumonia, asthma) or any condition that impairs Oz exchange create a risk.
Aggravated by heat exposure, skin disease impairs secretory function of the sweat glands.
Chronic liver, renal, endocrine, metabolic, and digestive diseases need to be evaluated on a case by case basis, keeping in mind the job demands and number of other risk factors present.
Pregnancy
Recent retrospective epidemiologic studies have associated hyperthermia of a day or less up to a week or more during the first trimester of pregnancy with birth defects, especially in the CNS development (e.g., anencephaly). It is prudent to monitor the body temperature of a pregnant woman exposed to total heat loads above the recommended exposure limit every hour to ensure that the body temperature does not exceed 39°C to 39.5°C (102°F to 103°F ) during the first trimester (U.S. DHHS, 1986).
Infertility
Heat exposure has been associated with temporary infertility in both males and females, with the effects more pronounced in males. Health care providers should evaluate clients who report problems with fertility to determine if a temporary transfer is needed or amount of work exposure in hot environments should be limited.
It is suggested that physicians and occupational health nurses refer to a simple checklist at the time of employment and review annually those clients at risk. The degree of severity and number of positive risks that will preclude employment should be determined by each facility (see Table   2 ).
HEAT STRESS DISORDERS
With this previous background information, the manifestations of HSD can be discussed. From less to greater potential for death, they are: heut fatigue, skin eruptions, heat syncope, heat cramps, heat exhaustion, and heat stroke. reduce evaporative cooling, and add to heat intolerance. There is no effective treatment. Recovery of sweating occurs gradually on return to cooler climates. Prevention is centered on further reducing skin trauma and periodic relief from sustained heat (U.S. DHHS, 1986).
Heat Syncope
Heat syncope (fainting while standing erect and immobile in the heat) is generally caused by a pooling of blood in the lower extremities and dilated vessels of the skin. This leads to systemic and cerebral hypotension that results in sudden unconsciousness (U.S. DHHS, 1986) .
In addition, the person may seem mentally confused just prior to the incident. Systolic blood pressure initially may be 100 mm Hg and the pulse faint. Again, lack of acclimati- Second is anhidrotic heat exhaustion (miliaria profunda). It presents clinically as extensive areas of skin which do not sweat on heat exposure, but present a goose flesh appearance. Anhidrotic heat exhaustion is associated with incapacitation in heat and is predisposed by weeks or months of constant exposure to climatic heat with previous history of extensive heat rash and sunburn.
Heat rash and sunburn can cause sweat retention deep in the skin,
Skin Eruptions
Skin eruptions can be of two types. First, heat rash or prickly heat (miliaria rubra) is characterized by profuse, tiny, raised, red vesicles (blister like) on affected areas, and a prickling sensation during heat exposure (U.S. DHHS, 1986) . Employees who wear impermeable protective clothing are especially predisposed due to unrelieved exposure to humid heat, because the skin is continuously wet with unevaporated sweat.
The mechanism of disease is that the sweat gland ducts become plugged, sweat is retained, and an inflammatory reaction occurs. Spain
Fatigue-Transient
Fatigue is more a behavioral rather than a physiologic response to working in heat. The employee may exhibit a decline in task performances that require coordination, alertness, or vigilance. Treatment is generally not necessary unless accompanied by other heat illnesses. Prevention would focus on acclimatization, and training for work in a heat stress environment (U.S. DHHS, 1986).
Heat Fatigue-Chronic
Employees at risk for chronic heat fatigue are those moving from a temperate climate to long residency in a more tropical climate or from working indoors to outdoors in such a tropical climate. They exhibit reduced performance capacity, lowering of self imposed standards of social behavior (e.g., alcohol overindulgence), and inability to concentrate.
Psychosocial stress is probably as important as heat stress to the development of this disorder. There is usually a quick response to chronic heat fatigue on return home; medical treatment should be reserved for serious cases. Prevention would focus on orientation to the customs, climate, and living conditions of the place to which the person is moving (U.S. DHHS, 1986). zation is a predisposing factor.
Treatment requires a primary survey and then removal of the person to a cooled/shaded area. The person should stay in a recumbent position until stable. A thorough health history, if not available, should be obtained to rule out underlying morbidity that may have led to the episode. Those clients who normally have a systolic pressure of 100 mm Hg may be more susceptible to heat syncope.
Prevention focuses on acclimatization and introduction of intermittent activity to resist venous pooling and assist venous return to the heart.
The next three entities are probably what occupational health nurses recall when asked "What is the first clinical image that comes to mind when you hear the words heat stress disorder?" Heat cramps, heat exhaustion, and heat stroke are the most commonly discussed heat stress disorders. Under normal circumstances, they do not develop in the first day of working in heat, but occur after the second or third day. Mindful of the risk factors already discussed, the following section examines heat cramps, heat exhaustion, and heat stroke in greater detail.
Heat Cramps
Heat cramps are spasms of the larger muscles used during work; e.g., the arms, legs, abdomen or back. Heat cramps present as extremely painful, hard lumps, and only a portion of the muscle mass may be involved. The spasms tend to last less than a minute, although they may persist for as long as 2 or 3 minutes. They usually occur after several hours of heavy work, or while showering.
Dinman (1984) suggested that cutaneous cold water contact and chilling precipitate a reflex vasoconstrictive response in the skin, decreased peripheral blood flow and central pooling. Such a shift could aggravate already disturbed muscular metabolism and precipitate cramps. The predisposing factors are heavy prolonged sweating and a salt deficit. Smith (1987) suggested that only in the face of repeated, marked sweat losses day after day of 5% or more of body weight should a dilute electrolyte liquid replacement be used.
Electrolyte containing "athletic drinks" leave the stomach slowly and produce the sensation of satiety that discourages persons from ingesting the water needed to replace critical sweat losses. Thirst is not a sensitive or reliable indicator of hypohydration. If relying on thirst as the only indicator, employees could be in as much as a 50% deficit in the amount of fluids actually needed (Smith, 1987) . It has been suggested that extra salt be added to foods during mealtime, if prolonged heavy, hot work is anticipated.
Treatment of heat cramps generally is limited to replacing the water and salt that has been lost and resting the muscle for approximately one half hour.
Persons on diuretics, salt restricted diets, or other medications that alter hydration should be educated about the causes of heat cramps and review with occupational health personnel what accommodations they should take to prevent heat cramp development.
Heat Exhaustion
Heat exhaustion is one of the more serious HSD. The common symptoms of heat exhaustion, some or all of which may be present, include: fatigue, headache, giddiness, diarrhea, nausea (with or without vomiting), and clammy and moist skin. The skin may appear mottled, pale, or flushed, and there may be a faintness on standing, a rapid thready pulse, and corresponding low blood pressure. The oral temperature may be normal or subnormal, but the rectal temperature is usually elevated (99'so to 101.3°F, 37.5°to 38.5°C). Psychologically, the client may be disorientated and have poor perception of actual physical condition. Predisposing factors are sustained exertion in heat, lack of acclimatization, and failure to replace water lost in sweat.
Although sweat rates have been documented to exceed 2 L/hr for short time intervals, sustained sweat rates are usually 1 L/hr or less (Departments of the Army, Navy, and Air Force, 1980).The underlying physiologic disturbance is dehydration from deficiency of water, depletion of circulating blood volume, and circulatory strain from competing demands for blood flow to the skin and active muscles. Dinman suggested that while a pre-existing morbidity can precipitate a heat exhaustion like condition, rapid remittance usually is seen after resting. However, if the condition persists 3 hours or more after admission for observation and fluid replacement, and if CNS symptoms are prominent, a more conclusive diagnosis of heat exhaustion can be made.
Hyperventilation may precipitate (as the result of respiratory alkalosis), or be secondary (hyperpyrexia of 102°F to 104°F) to heat exhaustion.
Treatment is usually symptomatic. Rest, in a cool area, and fluid replacement under observation should be maintained until urine volume indicates that water balance has been restored. Placing wetted, cooled towels to the groin, armpits, and forehead may be indicated. Initially vital sign and neurologic monitoring every 15 minutes is appropriate. In severe cases, where vomiting and or loss of consciousness has occurred, the person should be referred to an appropriate health care provider for follow up care, and a release should be obtained before resuming work. Weakness may persist for up to a week in some cases.
Prevention centers on acclimatization, supplement dietary salt (as discussed previously), and ample drinking water to be taken frequently during the work day (3 to 4 times per hour). Another method is to have the clients weigh themselves stripped both before and after work to adjust their fluid intake accordingly. A deficit of 2% of their before work weight can be indicative of insufficient hydration.
Heat Stroke
Heat stroke is a true medical emer-gency. The inability to eliminate sufficient body heat as a result of either high humidity or physiologically limited sweat production results in high internal body temperatures that damage CNS centers concerned with vasomotor and sweating control. This uncontrolled and explosive rise in body temperature, if persistent, also will cause irreversible damage to the liver, acute renal failure, and pulmonary edema.
Symptoms may include absence of sweating (although this does not always occur), hot dry skin, rectal temperature over 104 0 F (40.5 0 C), confusion, loss of consciousness, and/or convulsions which may lead to coma.
The initial damage may be aggravated by secondary factors such as tissue anoxia, and lactic acidosis. Elevation in serum enzyme levels usually occurs within 24 hours after onset, with SGOT greater than 1,000 Reitman-Frankel units associated with a higher mortality and more severe cerebral, renal, and hepatic damage (Kew; . The majority of the early and some of the later deaths are due to irreversible brain damage.
The kidneys also show acute tubular necrosis with oliguric renal failure about 10% of the time, with the others showing mild to moderate residual damage. Coagulation disturbances may occur in severe cases. The skeletal muscles, pancreas, and the bowel may also be damaged.
Treatment consists of immediate and rapid cooling by immersion in cool water (showers), wrapping in wet sheets with vigorous fanning with cool dry air, and treatment for shock. Vital signs including rectal temperature, if possible, help in the diagnosis. The capabilities for CPR and oxygen administration should be available.
To chart all pertinent information, an occupational heat disorder examination protocol form such as the one developed by Dinman (1984) (see Table 3 ) is helpful. Evaluation by hospital emergency room staff/or other appropriate providers is highly recommended. Hospitalization, at least for 24 hour observation, is not uncommon.
Prevention is focused on screening and employee education.
TRAINING AND PRACTICAL APPLICATION
Occupational health nurses understand that prevention is of primary importance. Therefore, occupational health nurses should seize any opportunity to educate their clients and reinforce the importance of preventing HSD.
A formal training program is the optimal method of accomplishing this task. It should stress individual decision making and responsibility for HSD prevention, as each situation and person can present many variables. Generally, a half hour program is sufficient for the presentation and a question/answer period (see Table 4 ) (Bernard, 1986) .
However, even after a formal training program, persons who have suffered from heat exhaustion have not always correlated their physical changes to what had been taught. It has been the author's experience that at the first sign of not feeling well, instead of leaving the job, employees continue to work. Comments such as "I slowed down and thought I'd feel better," or "I just had 5 more minutes of work to do" are typical. Since they work in a facility where personal protective clothing is used to shield against surface and airborne radioactive contamination, heat exhaustion leading to heat stroke is a real possibility.
With this concern, prevention education should have a high priority, especially for new employees. It begins with a review of their health history, at the time of employment. They should be told if the job they are being screened for has a risk for HSD. During orientation and annually thereafter, the causes, signs, symptoms, means to access emergency help, treatment, and prevention of HSD should be reviewed.
Personalization of the education program is beneficial. The author uses a video interview of two fellow Barrett workers who suffered heat exhaustion. This testimonial carries more impact than hours of lecture, because the clients know their coworkers and can identify with what is being said. Emphasis is placed on the total 24 hours necessary for HSD prevention, not just when the client reports for work.
The use of alcohol, with its dehydration properties, during off work hours is the hardest risk factor to change. Increased hydration prior to starting the job and immediately after is encouraged.
It is important to stress that thirst is not a reliable indicator of hypohydration, and if relied on alone for replacement may put the employee at a 50% deficit of the amount of water actually needed. Consideration of the effects of over the counter medications, and the need for self monitoring is stressed.
The educational effort needs to be an ongoing process to reinforce awareness for both the employee and their supervisors. The occupational health nurse should utilize any available method. Articles in newsletters, pamphlets, in plant announcements, etc., are some of the more common methods.
Some facilities post heat stress alerts for certain jobs and areas. This posting often falls under the responsibility of the industrial hygiene/safety departments.
Informal reinforcement comes when the occupational health nurse has time to visit the actual worksite, and to talk to those clients who exercise at lunch time. Interest in an HSD prevention education program can be contagious. A well informed and proactive occupational health nurse may be the only catalyst needed.
INDUSTRIAL HYGIENEI ENGINEERING PRACTICES FOR CONTROL OF HEAT STRESS DISORDERS
This section will briefly discuss engineering controls, work practices, labor reducing techniques, and personal protective equipment as they S. Describe each countermeasure in use that the worker may require.
impact on control of HSD. Using the basic heat balance equa-
stress can be reduced by modifying metabolic heat production (M-W) or environmental heat production. Environmental heat load (C, R, and E) responds to engineering controls (e.g., ventilation, air conditioning, screening, insulation and modification of process or operation, and protective clothing). In some situations, depending upon the hazard, some of these controls may not be an option.
Metabolic heat production (M -W) can be modified by work practices and application of labor reducing devices (U.S. DHHS, 1986) . Eisma (1989) discusses personal protective clothing and the hazards they may create. The Institute of Occupational Health found that when a body is encapsulated in a non-breathable ensemble of protective garments, "perspiration does not evaporate and skin temperature may become as high as that of the body core." In non-breathable material suits, temperatures can exceed 109.4°F and death often occurs.
Since heat exhaustion collapse has occurred in individuals with deep body temperature of 100.6°and heart rates at 120 to 130 beats/min. who worked for only 30 minutes in the heat (Goldman, 1983) , the use of a personal heat stress monitoring device, cooled, dehumidified supplied air, cooled fluid suits, or ice cooled conditioned clothing, should be considered.
In evaluating stay times for certain jobs, the industrial hygienist calculates the permissible exposure limit (PEL) on the types of clothing worn and the cooling methods used. Traditional charts based on one layer of cotton clothes (that allow for evaporative cooling) must be modified when reflective clothing, impermeable suits, aprons, etc., that interfere with evaporation are used.
Work practice modifications influence duration of exposure. Examples include having more frequent short exposures rather than a few longer exposures, or scheduling more workers to shorten individual time of exposure. Hot jobs might be done during the cooler part of the day, or when systems that generate heat can be shut down. Rest times should be increased, and overtime restricted.
Pre-planning of work and mock up training may be appropriate so that manual tasks that could be replaced by mechanical aids are identified (U.S. DHHS, 1986). These modifications are not usually under the direct control of the occupational health nurse, but plant walk throughs and reviews of heat stress incidents may identify situations which could be changed to modify the work and decrease the incidence of HSD.
CONCLUSION
Appropriate recognition and treatment of heat stress disorders by the occupational health nurse depend to a great extent on knowledge of the underlying mechanisms which cause HSD and identification of employees at risk. A holistic approach is to develop a heat stress disorder prevention program for employees at risk.
This article has provided a review of the principles of conduction, convection, and evaporation and the body's controlling response mechanism to heat exposure as they relate to the heat balance equation. It also has discussed the importance of health screening and identification of risk factors such as ability to acclimate, level of physical fitness, age, obesity, use of drugs/alcohol, and the presence of chronic diseases. The possibility of fetal injury and infertility as complicating entities of heat stress is mentioned.
Even the best screening methods can not eliminate the possibility of HSD totally. Therefore, a review of the signs, symptoms, and treatment of transient heat fatigue, heat cramps, rash, syncope, exhaustion, and stroke has been presented.
In recognition of the importance of clients' compliance and their responsibility for heat stress prevention, an outline of a formal training program, the need for reinforcement, and some possible barriers to compliance to a HSDPP have been reviewed. Finally, the use of different engineering controls, work practices, and personal protective equipment, and their positive effects or associated risks, have been analyzed briefly.
Evaluation by the occupational health nurse of resources and inclusion of interested support personnel from training, engineering, and the industrial hygiene and safety disciplines will dictate the scope of what can be accomplished. Changing technology must bring about a change in beliefs, and a re-examination of the factors that impact on the well being of employees.
